Type 2 diabetes is a chronic disease that can lead to decreased insulin sensitivity and a reduced ability to maintain glucose control. A common diagnostic measure of diabetes is glycosylated hemoglobin (HbA1c), which reflects mean blood glucose levels over a 1-to 3-month period (Bennett, Guo, & Dharmage, 2007; Marcus et al., 2008) . In adults, an HbA1c value lower than 5.7% is considered normal, whereas levels between 5.7-6.49% indicate prediabetes, and a value of 6.5% or higher is reflective of diabetes (Gebel, 2013) . A strong correlation exists among www.IJARE-Journal.com RESEARCH
Method Participants
Adults (2 males, 5 females; mean age = 55.3 ± 7.7 years) with type 2 diabetes volunteered to participate in this study. Participant characteristics are displayed in Table 1 . Inclusion criteria for participants included confirmation of diabetes (fasting plasma glucose value of ≥ 126 mg/dl or current use of diabetes medications) and medical clearance from a personal physician (Castaneda et al., 2002) . Eligible participants also refrained from participation in aerobic or resistance training during the 6-month period preceding UTT. Exclusion criteria included occurrence of a myocardial infarction within 6 months before the start of the investigation, recent changes in oral hypoglycemic medication use, and the presence of additional chronic medical conditions (e.g., respiratory disease, heart failure, renal disease, hepatic disease, myopathies, neuropathies) that could hinder full participation in UTT. Written informed consent was obtained from all study participants before data collection.
Outcome Measures
Baselines measures of glycemic control, body composition, cardiorespiratory function, and leg strength were secured one week before the start of UTT. Posttraining measures were obtained within one week following completion of UTT.
Glycemic control. The primary measure for glycemic control was HbA1c, a measure of average blood glucose over the previous 1-to 3-month period (Marcus et al., 2008) . A 10-ml venous blood sample was drawn from a forearm vein and analyzed for HbA1c using turbidimetric immunoinhibition. Diabetic medication levels for each participant were recorded by their primary physician and rechecked for maintenance following cessation of UTT.
Anthropometric measures. Body mass (without shoes) was measured to the nearest 0.1 kg using a Seca 869 flat digital scale (Hanover, MD) and height was determined to the nearest 0.25 cm using a Seca 217 stadiometer (Hanover, MD). (Allison et al., 2011) , average thicknesses at each anatomical location were used to calculate body fat percentage (%BF) and lean body mass. Duplicate measures of waist circumference (WC), taken as the circumference around the body at the narrowest distance between the last rib and the anterior superior iliac spine, were also obtained using a Gulick tape measure and averaged to derive mean WC. To mitigate the potential influence of nutritional influences on body composition, participants were reminded on a weekly basis to maintain their current dietary patterns.
Cardiorespiratory function. Following 5 min of seated rest in a quiet, dark room, resting heart rate (RHR) was determined from palpation of the radial pulse for 30 s and doubling the number of recorded beats (Allison et al., 2011) . Duplicate measures of RHR were obtained within a 5-min period and averaged to derive mean RHR. The rationale for measuring RHR was based on data showing that RHR is lower following endurance training in previously sedentary individuals (Carter & Blaber, 2003) . Maximal aerobic power (VO 2max ) was estimated using a single-stage, landbased walking treadmill protocol (Ebbeling, Ward, Puleo, Widrick, & Rippe, 1991) . Participants wore a Polar heart rate monitor and watch (Model FT1, Lake Success, NY) during testing. The test began with participants walking at 2 mph and 0% grade and speed was increased gradually until a heart rate of 50-70% of estimated maximal heart rate (220-age) was attained. After completing this 4-min warmup stage, treadmill grade was increased to 5% and walking speed was maintained for an additional 4 min. Heart rate was recorded at the end of 8 min of exercise (including the warm-up stage) and used, along with sex, age, and treadmill speed, to predict VO 2max (Ebbeling et al., 1991) .
Leg strength. Concentric peak torque of the dominant leg quadriceps and hamstrings at 30°•sec -1 , 60°•sec -1 , and 90°•sec -1 was assessed using a Biodex System III dynamometer (Biodex Medical Systems, Shirley, NY). The dominant leg was identified as the leg chosen to kick a ball (Zakas, 2006) and this trio of contraction velocities was chosen to reflect a range of overground walking speeds (Lanshammar & Ribom, 2011) . Participants were seated in an upright position and adjustable straps were placed around the upper body and the dominant thigh to isolate the quadriceps and hamstrings and limit the amount of muscle activation in the muscle groups not being evaluated. The main fulcrum of the lever arm of the dynamometer was positioned at the lateral aspect of the knee joint axis.
Range of motion for strength testing was measured from a start position of the knee joint bent at 90° through full extension (0° flexion) and back to 90° of knee flexion. Standardized verbal encouragement was provided to each participant during testing and a total of three accommodation trials preceded quadriceps and hamstrings testing at each contraction velocity. Following the accommodation phase, participants performed three maximum voluntary efforts at each contraction velocity, with 30 s of rest between trials. For each muscle group and velocity condition, the highest torque measure across trials was taken as the peak torque value. Leg strength was expressed as peak torque (ft-lbs), which is considered a representative indicator of both knee flexion and extension strength (Blain et al., 2001 ).
Protocol
Treadmill accommodation. Prior to UTT, participants completed two pretraining accommodation walking sessions spaced two days apart. The treadmill accommodation sessions occurred in a therapy pool, which contained an underwater treadmill (Ferno, Wilmington, OH) and a control panel from which the treadmill was operated, a water reservoir with a water filtration system, a variable-speed motor, and two large Plexiglas windows which enabled participants to be visually monitored (see Figure 1 ). Water height was set at 10 cm below the xiphoid process (Alkurdi, Paul, Sadowski, & Dolny, 2010) and maintained during training. For both treadmill accommodation sessions, a Polar heart rate monitor was worn and heart rate was recorded before the session and following the first minute of walking. During each session, participants walked for 5 min at a speed that elicited 20% of HRR [HRR = ((age-adjusted maximal heart rate-RHR) × % intensity desired) + RHR].
Exercise intervention. Participants completed three UTT sessions per week on alternate days for a total of 8 weeks. Each training session featured three walking bouts separated by at least 5 min of seated rest on a flotation device inside the underwater treadmill unit. Water temperature was maintained between 29-30°C (Bocalini et al., 2008) and exercise heart rate was monitored at the beginning, middle, and conclusion of each exercise bout using a Polar heart rate monitor. Baseline levels of exercise intensity and duration and the systematic progression of these training variables were established based on previous research involving water-based exercise (Jones, Meredith-Jones, & Legge, 2009; Stevens & Morgan, 2010) and exercise guidelines published by the American College of Sports Medicine (ACSM, 2014) .
During UTT, walking speed and duration were increased in a structured and gradual manner (see Table 2 ) and participants were asked to maintain their usual levels of home-and community-based physical activity. Weekly checklists were also completed by participants to record physician visits, acute illnesses, and hypoglycemic events that occurred during the study (Castaneda et al., 2002) .
Statistical Analyses
Statistical analyses were performed using the Statistical Package for Social Sciences (SPSS) version 19.0. Paired t tests were used to compare pre-and post-UTT values for HbA1c, body mass, %BF, WC, RHR, estimated VO 2 max, and hamstring and quadriceps peak torque. Statistical significance was established at p ≤ .05.
Results

Participant Compliance and Exercise-Related Injuries
Compliance with the underwater treadmill training program was 100%, with all participants completing 24 (8 wks × 3 day•wk -1 ) UTT sessions. In addition, no exercise-related injuries were reported. One hypoglycemic event occurred after UTT and was treated immediately by having the participant ingest a high-sugar beverage. No hypoglycemic events were recorded at home or in transit from the exercise laboratory.
Glycemic Control and Anthropometric Measures
An average reduction in HbA1c from 6.7 to 6.0% was observed following UTT (p < .001). Six of the seven participants reported no change in diabetic medication levels, and the remaining participant reduced medication usage during the study. Relative to anthropometric measures, mean body mass (3.4 kg, p = < .001), %BF (3.6%, p = .001), and WC (8 cm, p = .001) were reduced after UTT, but lean body mass was not significantly altered following training (see Table 3 ). Note. W = week; HRR = [((age-adjusted maximal heart rate-resting heart rate) × % intensity desired) + resting heart rate].
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Cardiorespiratory Function and Leg Strength
A mean decrease in RHR of 7 beats per minute (bpm) occurred after UTT (p = .002) and estimated VO 2 max increased by an average of 2.6 ml•kg -1 •min -1 (p < .001). With respect to leg strength, an average increase of 5.5 ft-lbs (p = .027) and 7.0 ft-lbs (p = .05) were observed in quadriceps peak torque measured at 30°•sec -1 and 60°•sec -1 , respectively, and a trend (p = .07) toward greater peak torque of the quadriceps at 90°•sec -1 (8.3 ft-lbs) was noted. In addition, mean posttraining gains in peak hamstring torque at 30°•sec -1 (10.4 ft-lbs; p = .007), 60°•sec -1 (11.8 ft-lbs; p = .002), and 90°•sec -1 (9.9 ft-lbs; p = .01) were registered after UTT (see Table 3 ).
Discussion
The focus of this exploratory study was to quantify the impact of UTT on various health and fitness variables that are particularly relevant for adults with type 2 diabetes. Taken together, our findings indicate that for this clinical population, an aquatic treadmill walking program featuring systematic and gradual increases in walking speed and duration resulted in overall improvements in glycemic control, body composition, aerobic fitness, and peak leg torque. Positive changes in each 
Glycemic control
HbA1c (%) 6.7 ± 2.0 6.0 ± 2.0*
Anthropometric measures
Body mass ( dependent variable were also exhibited by all study participants, thus highlighting the coherent nature between group and individual responses to UTT.
Patient Compliance and Adverse Events
Despite the crucial role of regular physical activity in the optimal management of diabetes, more than 36% of persons with type 2 diabetes do not engage in regular physical activity and an additional 38% report less than recommended levels of physical activity (American Association of Diabetes Educators, 2012). We speculate that the perfect adherence rate observed during UTT was related to the use of light and moderate exercise intensities and the incremental rise in total exercise volume (i.e., intensity × duration). Support for this assertion can be found in data revealing high levels of exercise adherence and enjoyment in overweight individuals exercising below vigorous levels (Lind & Ekkekakis, 2005) . No exercise-related injuries were experienced by participants during the 168 training UTT sessions (24 training sessions × 7 participants) and the single hypoglycemic event which did occur was resolved in a timely and satisfactory manner. In comparison, other studies of land-based treadmill walking and resistance training involving adults with type 2 diabetes have reported a higher number of hypoglycemic events (Castaneda et al., 2002) . As previously noted, it is reasonable to suggest that the combination of less-intense workloads and gradual increases in walking duration contributed to the near-absence of negative clinical events in our group of sedentary and relatively unfit participants. It is also possible that the concurrent performance of light-to-moderate aerobic-and resistance-based walking exercise in a weight-supported environment may have led to a reduced incidence of injuries and hypoglycemic episodes compared with studies of persons with type 2 diabetes featuring longer and more-intense exercise programs and separate, land-based aerobic and resistance training sessions (Sigal et al., 2007) .
Glycemic Control
Participants in our investigation exhibited a modest degree of initial glycemic control, as demonstrated by a mean HbA1c level of 6.7%. The 0.7% decrease in HbA1c after 8 weeks of UTT is consistent with data showing reductions of 0.55% and 0.59% in HbA1c following 16 weeks of combined aerobic and resistance training performed on land, respectively (Marcus et al., 2008; Tan, Li, & Wang, 2012) . Likewise, our findings concur with meta-analyses performed by Umpierre et al. (2011) and Snowling and Hopkins (2006) revealing mean decreases in HbA1c of 0.67% and 0.80%, respectively, when adults with type 2 diabetes performed structured land-based aerobic exercise, resistance exercise, or a combination of both training modes for at least 12 weeks. Expressed as a function of study duration, the magnitude of improvement in HbA1c levels following UTT was more than two times that reported in earlier investigations of middle-aged and older adults with type 2 diabetes who participated in both land-based endurance and resistance training programs (Alkurdi et al., 2010; Jones et al., 2009) . Proposed mechanisms underlying the beneficial combined aerobic and resistance training on glycemic control include improved insulin action (Castaneda et al., 2002) , enhanced glucose uptake due to up-regulation of mitochondrial proteins (Menshikova et al., 2006) , increased glucose-4 transporter protein content and glycogen synthase activity 8 International Journal of Aquatic Research and Education, Vol. 8, No. 4 [2014] , Art. 8 https://scholarworks.bgsu.edu/ijare/vol8/iss4/8 DOI: 10.25035/ijare.08.04.08 leading to conversion of plasma glucose into glycogen (Christ-Roberts et al., 2003) , and an elevation in metabolic rate and glucose uptake resulting from an increase in contractile proteins (Eriksson et al., 1997) .
While few data are available concerning the effects of aquatic walking programs in adults with type 2 diabetes, results from our study are in agreement with findings of Jones et al. (2009) showing that water-based exercise incorporating deep water running and resistance exercise is effective in improving glucose and insulin response in overweight women with impaired glucose tolerance. Interestingly, the positive changes in glycemic control observed in our participants were independent of diabetic medication use, which either remained unchanged or decreased during the study, and the degree of reduction in HbA1c (0.7%) was comparable to that reported following long-term diabetic pharmacological interventions (Allison et al., 2011) in persons with type 2 diabetes (0.6-0.8%). From a clinical perspective, findings from the current project suggest that engaging in UTT may reduce the need for oral hypoglycemic agents in persons with type 2 diabetes and provide health benefits for individuals who are not fully compliant in taking diabetic medications.
Anthropometric Measures
Body mass, %BF, and WC were lower after the UTT program. The average reduction in body mass of 3.5 kg is generally consistent with recommended weekly weightloss standards for adults (0.5-0.9 kg•wk -1 ) established by the American College of Sports Medicine (ACSM, 2014). The decrease in body mass noted in our investigation may have been associated with the elevated aerobic demand of walking in an aquatic environment compared with walking on land. Related to this point, it has been shown that walking on a submerged treadmill results in a significantly higher aerobic demand compared with walking on a land-based treadmill (Alkurdi et al., 2010) . The degree of body mass loss recorded among our participants, which was markedly greater than the mean decrease of 0.7 kg observed in middle-aged obese adults who performed 12 weeks of underwater treadmill walking, may reflect the interactive effect of walking speed and water height on overall exercise intensity (Greene et al., 2009) . In this regard, a higher water height has been shown to result in greater buoyancy and a decreased level of energy expenditure compared with walking on land at the same speed (Alkurdi et al., 2010; Gleim & Nicholas, 1989 ). In the current project, water height was set at 10 cm below the xiphoid process based on data indicating that walking on an underwater treadmill at a water height 10 cm below the xiphoid process resulted in higher aerobic demand and heart rate values compared with walking at a water height at or 10 cm above the xiphoid process (Alkurdi et al., 2010) .
In the present investigation, body fat levels also decreased by nearly 4% after UTT. This reduction in overall fat percentage is larger than that noted in previous studies in which body fat was decreased by 1.0% in adults with type 2 diabetes who completed a 12-week endurance walking program (Marcus et al., 2008) or 22 weeks of combined aerobic and resistance training (Sigal et al., 2007) and is greater than the 1.5% decrease in body fat reported in obese patients with type 2 diabetes who underwent an intense 12-week insulin therapy program (Shah et al., 2011) . The improvement in body fat level seen following UTT was also larger than the average decrease of 1.3%BF in middle-aged obese men and women who performed 12 weeks of walking on underwater-or land-based treadmills at similar levels of exercise volume and intensity (Greene et al., 2009 ). The change in body fat percentage observed in our study does not appear to be associated with the elevated body mass index (BMI) of our participants (BMI = 32.3 kg/m 2 ± 6.0), as other intervention-based projects of adults with type 2 diabetes with similar BMI values have produced smaller decreases in relative body fat (Dunstan et al., 2002; Jones et al., 2009; Sigal et al., 2007) . As mentioned earlier, it seems reasonable to imply that the marked reduction in %BF following UTT may be linked to the higher caloric expenditure associated with upper-and lower-body limb movement in water compared with walking on land (Alkurdi et al., 2010) .
Following UTT, waist circumference was decreased by 8 cm, a reduction which is greater than changes noted in other long-term, land-based exercise studies (1.5-3 cm) conducted on middle-aged and older adults incorporating land-based aerobic and resistance training (Alkurdi et al., 2010; Sigal et al., 2007) . Findings from previous research suggest that reductions in subcutaneous and visceral fat produced by aquatic training may be partially responsible for the decrease in WC measured in the current project (Jones et al., 2009 ).
Cardiorespiratory Function
Low aerobic fitness has been associated with heightened metabolic risk and an increased likelihood of cardiovascular disease (Jurca et al., 2005) . While a direct evaluation of aerobic fitness is typically preferred, assessment of indirect measures of aerobic function, such as RHR and estimated VO 2 max, eliminates the need to exercise to volitional exhaustion, while providing a reasonably accurate estimation of cardiovascular risk and aerobic function in sedentary and overweight middleaged adults (Jones et al., 2009; Jurca et al., 2005) .
The RHR of our participants was nearly 10% lower (8 bpm) following UTT. In contrast, a nonsignificant decrease in RHR of 1 bpm was recorded in both postmenopausal women with type 2 diabetes who engaged in circuit resistance training for 12 weeks and older adults with type 2 diabetes who completed a 16-week resistance exercise training program (Castaneda et al., 2002; Kang et al., 2009) . The extensive amount of cardiovascular exercise performed by participants during UTT, coupled with their relatively sedentary lifestyle, may partially account for the observed decrease in RHR measured in the current study.
The post-UTT increase in estimated VO 2 max (∼8% or 2.2 ml•kg -1 •min -1 ) is consistent with relative gains in aerobic fitness in middle-aged and older adults with type 2 diabetes after 4 weeks of supervised land-based resistance and aerobic exercise (6.3%; Hordern et al., 2008) and 6 months of combined aerobic and resistance training (7.5%; Tan et al., 2012) . The degree of improvement in cardiorespiratory fitness noted in our study was also similar to the 8.6% increase in VO 2 max following a 16-week circuit resistance training program which employed gradual increments in intensity and duration and met current exercise guidelines for adults with type 2 diabetes (Kang et al., 2009) . The increase in aerobic fitness in the current study was also similar to the average gain of 3.6 ml•kg -1 •min -1 seen in middle-aged obese adults who completed 3 months of underwater-or land-based treadmill walking (Greene et al., 2009) . While the overall increase in estimated maximal aerobic power fell within the standard error of estimate range for predicting VO 2 max using International Journal of Aquatic Research and Education, Vol. 8, No. 4 [2014] (Ebbeling et al., 1991) , all study participants exhibited an increase in predicted VO 2 max, lending credence to the notion that the improvement in aerobic fitness could be reasonably attributed to UTT.
The systematic rise in overall training volume in the current study enabled our participants to increase locomotor energy demands and improve estimated maximal aerobic power without experiencing the levels of pain and discomfort which sometimes accompany land-based walking in older adults (Pöyhönen et al., 2002) . From a practical standpoint, a training-induced increase in VO 2 max would also translate into reduced cardiovascular and metabolic strain and a diminished level of fatigue during physical activities requiring extended periods of walking (Boulé, Haddad, Kenny, Wells, & Sigal, 2001 ).
Leg Strength
Previous work has shown that adults with type 2 diabetes exhibit impaired mobility and 30-50% lower maximal leg strength values compared with healthy persons of similar age (Boulé et al., 2001) . Results from our investigation demonstrated that hamstring peak torque at slow (25%), moderate (19%), and fast (31%) velocities and quadriceps peak torque at slow (8%) and moderate (12%) velocities were greater after UTT. These findings align with recent data indicating higher leg muscle strength values in elderly patients with type 2 diabetes following an integrated aerobic and resistance training program (Tan et al., 2012) and middle-aged adults with type 2 diabetes who engaged in resistance training (Larose et al., 2010) . Because lean body mass was not significantly increased in our participants following 8 weeks of UTT, the increase in peak muscle torque may have been due to reduced leg muscle coactivation, which would increase net force production by agonist muscles (Häkkinen et al., 1998) , or greater motor unit recruitment (Häkkinen et al., 1998; Pöyhönen et al., 2002) .
Conclusion
While this exploratory project featured an innovative exercise therapy for adults with type 2 diabetes, the absence of a matched control group hampered our ability to firmly establish the health and functional benefits of underwater treadmill training in our sample. Given the scarcity of published data regarding this unique water-based walking program, additional studies featuring appropriate control groups and larger sample sizes are needed to confirm the effectiveness of UTT in adults with type 2 diabetes and refine training protocols. The assessment of dietary intake would also be useful in interpreting changes in body composition following UTT. In addition, completion of an extended period of UTT might yield larger improvements in glycemic control, as the average lifespan of a red blood cell can be as long as 120 days (Shima et al., 2012) .
In conclusion, results from our preliminary study have demonstrated significant improvements in glycemic control, body composition, cardiorespiratory function, and leg strength in middle-aged adults with type 2 diabetes following 8 weeks of UTT. Given the commercial availability of portable underwater treadmills which are simple to use and similar in cost to quality land-based treadmills, our initial findings provide support for implementing UTT as a means of enhancing glyce-mic control and health-related fitness in adults with type 2 diabetes and easing the transition to land-based walking programs in this population.
